• Mouse salivary glands are rich in a factor which promotes the growth of the sympathetic nervous system.^ Recently the antiserum to this sympathetic nerve growth factor has been developed. 4 ' 5 When the antiserum is administered to newborn animals an almost total and permanent destruction of the sympathetic ganglion cells results. Considerable histological evidence for this immunological type of sympathectomy has been presented. 4^6 Little is known, however, about the effect of the antinerve growth factor upon the physiological functions of the sympathetic nervous system. The purpose of this investigation was to study cardiovascular activity in immunologically sympathectomized rats, with emphasis placed upon the responses to several types of sympathetic stimulation.
Methods
Bovine antiserum to mouse salivary gland nerve growth factor* was administered to a litter of 14 newborn Simenson Sprague-Dawley rats. A companion litter of 11 untreated rats served as controls. The antiserum (68,000 units/ml) was injected subcutaneously in daily doses of 1% of body weight. The duration of the treatment was 14 days.
Before acute experiments were performed several estimates were made of the level of autonomie activity present in the intact animals. Pupil size was measured by the technique described by Pulewka. 7 Rectal temperatures were recorded with a Tele-thermometer * and rectal probe. Heart rates were determined from the electrocardiogram recorded with a Sanborn viso-cardiette under light ether anesthesia. Blood pressures were obtained in the unanesthetized state utilizing a caudal plethysmograph. f
The 24-hour urinary excretion of norepinephrine was determined using the procedure of von Euler and Lishajko. 8 The animals were placed in stainless steel metabolism cages housed in a quiet dark room. Urine was collected in polyethylene bottles containing enough hydrochloric acid to maintain the pH below 2. Food and water were freely accessible.
Cardiovascular responses were studied utilizing a technique previously described ° for perfusion of the hindquarters. The rats were anesthetized with sodium pentobarbital, 30 mg/kg IP. The abdominal aorta was doubly cannulated. Blood from the upper cannula was diverted through a Sigmamotor pump (model T8) into the lower cannula supplying the hindquarters. Systemic blood pressure (monitored from the upper cannula) and perfusion pressure (taken from the lower cannula) were recorded on a direct-writing oscillograph utilizing arterial pressure transducers. Flow through the pump was adjusted until perfusion pressure was approximately equal to blood pressure. Intravenous injections were made into a jugular vein catheter. Intra-arterial injections were accomplished with a 50-^tl microsyringe; the volume of injectate was 2 to 6 fil. The lumbar sympathetic chains were electrically stimulated at L-3 through a small bipolar electrode with square wave pulses from a Grass stimulator.
The statistical procedures employed were described by Finney 10 and Snedecor. 11 Differences were considered to be statistically significant when the probability level was less than 0.05.
Drugs utilized in this investigation included norepinephrine bitartrate and epinephrine hydrochloride (both expressed as free base), synthetic valine-5-angiotensin n amide,} barium chloride, * Yellow Springs Instrument Company, t Decker Corporation. } Ciba. and the ganglionic stimulant 12 l,l-dimethyl-4phenyl-piperazinium iodide (DMPP).*
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Results
OBSERVATIONS ON INTACT ANIMALS
Two to three weeks following birth the rats began to open their eyes. From this time until the animals were sacrificed, all members of the litter treated with the antiserum exhibited a marked ptosis of the eyelids. This proved to be the only grossly observable difference between the control and treated litters. A summary of the various physiological measurements taken on the two groups of intact rats is shown in table 1. Pupil size determinations revealed that the immunized rats exhibited miosis. No differences between the groups were found with respect to either rectal temperatures or heart rates. Unfortunately blood pressure comparisons could not be made in the intact animals, since pressures were not obtainable from the tails of the immunized rats. For unknown reasons the vessels could not be dilated sufficiently to allow pressures to be transmitted through to the recording apparatus. Both local and whole body wanning procedures were totally ineffective in promoting the necessary vaso-* Dr. Duncan McCarthy, Parke, Davis and Company, Ann Arbor, Michigan kindly supplied the DMPP used in these experiments. dilatation. A significant reduction was found in the quantity of norepinephrine appearing in the urine during a 24-hour collection period.
ANATOMICAL ALTERATIONS
Gross examination of the thoracic and lumbar sympathetic chains of each of the treated rats revealed that these structures were markedly reduced in diameter, appearing as fine strands in comparison to those from control animals. No change in either the size or weight of the adrenal glands was noted. Histological examination of the lumbar chain ganglia showed a 75 to 85$ reduction in the number of ganglion cells. The structure of the adrenal medullas was unchanged. The microscopic findings were identical to those reported previously in the rat following treatment with the antinerve growth factor. 4 " 8 Aside from the reduction in number of cells, the surviving cells were reduced in size.
BLOOD PRESSURE A N D PERFUSION PRESSURE RESPONSES
Two to three months following birth, a variety of cardiovascular responses were studied utilizing the hindquarter perfusion technique. A comparison of the responses observed in a control and a treated rat is shown in figure 1 . Intravenous administration of the ganglionic stimulant DMPP elicited a simultaneous elevation of both systemic blood pressure t Probability (P) determined by group-comparison t-test. NS = not significant t The corresponding systemic blood pressure increments were 38 ± 4 for controls and 37 ± 7 for treated animals. These values were not significantly different BRODY and perfusion pressure in the control animals. The increase in perfusion pressure was probably the result of stimulation of postganglionic sympathetic fibers rather than the release of catecholamines from the adrenal medulla or a direct vascular action of DMPP, since the perfusion pressure increment occurred before DMPP or the adrenal amines could have traversed the external perfusion circuit. While DMPP increased blood pressure in the immunized rat it failed to alter perfusion pressure. It can be seen in table 2 that the average effect of DMPP upon blood pressure was the same in the immunized and control rats. In two control animals, acute adrenalectomy had no effect upon the blood pressure or perfusion pressure response to DMPP. Conversely, the only effect produced by DMPP in two immunized rats, i.e., the blood pressure increase, was abolished by removal of the adrenal glands.
Bilateral electrical stimulation of the lumbar sympathetic chains of control rats produced typical constrictor responses in the hindquarter vessels as seen in figure 1 . Neither vasoconstriction nor vasodilatation was ever seen as a result of electrical stimulation of the lumbar chains in immunized rats, even though a variety of frequencies, durations, and voltages were used. A summary of the results obtained with electrical stimulation is shown in table 2.
The responses obtained from the intraarterial injection of two doses of epinephrine and norepinephrine are seen in figure 1 . The most obvious difference between the control and treated rats was with respect to the duration of vasoconstriction. As illustrated in figure 1 responses in the control animal promptly returned to base line whereas those in the treated animal persisted for some time after a partial return to base line. The graphs in figure  2 summarize the findings with the catecholamines in regard to both magnitude and duration of action. The data were subjected to analysis by the four-point bio-assay technique described by Finney. 10 A significant enhancement of the peak effect was observed for norepinephrine (R = 2.68) but not for epi-nephrine. The R value indicates that one dose unit of norepinephrine produced an effect in the treated rats equivalent to 2.68 units of amine in the control rats. Durations were determined by measurement of the half-life of the response, i.e., the length of time required for the response to return to 50% of the perfusion pressure change. Analysis of variance revealed that in the case of both epinephrine and norepinephrine a significant increase in the duration of the pressor effect occurred.
Vasoconstriction in the hindquarters produced by the intra-arterial injection of syn- Pressure-flow relationships in perfused hindquarters of control and immunologically sympathectomized (treated) rats. Means and calculated regression lines from seven animals in each group are graphed. Analysis of variance revealed a significant difference (P < 0.05) between the two groups. Systolic and diastolic blood pressures (± standard errors) obtained at the beginning of each experiment are also shown. thetic angiotensin (0.12 /xg) is shown in the last panel of figure 1 . The responses elicited by angiotensin as well as by intra-arterial barium chloride (1 mg) were not significantly different in the control and immunized rats either in magnitude (table 2) or duration.
Effect of immunological sympathectomy upon vascular responses to norepinephrine and epinephrine. Graphs represent data from seven control (C) rats and seven treated (T) rats. Means and calculated regression lines are plotted. The significant potency ratio (R) and Us 95% confidence intervals are listed for the perfusion pressure increases produced by norepinephrine. There was no significant difference between the perfttsion pressure effects of epinephrine. Durations of pressor responses, as represented by the half-lives, were significantly different for both epinephrine and norepinephrine.
VASCULAR RESISTANCE IN THE HINDQUARTERS
Pressure-flow relationships in the perfused hindquarters were studied in both groups of animals. Flow was varied by changing the stroke rate of the pump. The data are plotted in figure 3 . It can be seen that the animals treated with the antiserum exhibited significantly greater (P < 0.05) resistance to flow in their hindquarter vessels, i.e., a larger pressure was recorded for a given flow. The systemic blood pressures recorded from the animals at the beginning of each experiment are also shown in figure 3 . There was no difference between control and immunized rats in either systolic or diastolic pressures.
Discussion
Before acute experiments were performed attempts were made to determine if the immunization procedure altered sympathetic activity in a manner which would be apparent in the intact animal. Ptosis of the eyelids was Circmlaiom Rtittrcb, Vol. XV, Axgni 1964 the first sign to appear. This might have been interpreted as a photosensitivity which provoked squinting; however, this possibility was ruled out since the animals exhibited the same degree of ptosis whether they were in a brightly lit or very dimmly lit room. It is wellknown that the sympathetic nervous system controls motor activity of the eyelid in rodents, and thus it is probable that the appearance of ptosis represented the loss of tonic sympathetic activity. This contention was strengthened by the observation that the treated animals also exhibited miosis which undoubtedly represented the predominance of the parasympathetic over the sympathetic system in the pupil.
A considerable fraction of norepinephrine which appears in the urine is derived from chromaffin sources other than the adrenal medulla. 3H Histological examination of the adrenal glands in the present study as well as in others n has revealed that the medulla is unaffected by treatment with the antinerve growth factor. The significant reduction of the quantity of norepinephrine excreted in the urine suggested that the normal rate of secretion of norepinephrine from the sympathetic fibers was impaired.
Animals treated with the antiserum were not different from controls with respect to heart rate (recorded under ether anesthesia) or ambient body temperature. These measurements provided no indication in the intact rats that the immunization had affected sympathetic function. It would have been of considerable interest to compare systemic blood pressures of the two groups in the unanesthetized state. Pressures could not be obtained however, from the tails of the treated rats.
Studies on the perfused hindquarters confirmed the observation that the antiserum abolished vasoconstrictor function of the sympathetic fibers. The most dramatic observations were those made on the effect of electrical stimulation of the lumbar chains. Rather large pressor responses were observed in all of the control animals as a result of sympathetic stimulation. Conversely, neither vasoconstriction nor vasodilatation BRODY (indicative of stimulation of sympathetic cholinergic nerves) was ever elicited by this same procedure in the treated rats. This portion of the study clearly illustrated that the antiserum treatment resulted in a functional sympathectomy. Several factors are probably responsible for disappearance of vasoconstriction induced by electrical stimulation of the sympathetic chains. Rats treated with the antiserum have approximately 75 to 85% of their sympathetic ganglion cells destroyed by the antiserum.' 4 " 0 This would appear to be a sufficient reduction in the number of viable cells to abolish adrenergic function. A second contributing factor probably involves the depletion of norepinephrine from the effector organ. This finding is characteristic of surgical sympathectomy u and has recently been described for immunological sympathectomy by Levi-Montalcini and Angeletti. 15 Finally, Brody 16 has demonstrated that the ability of the residual fibers to transmit action potentials is reduced markedly following immunological sympathectomy.
Pharmacological evidence for the destruction of the peripheral sympathetic ganglia was obtained with the use of the ganglionic stimulant DMPP. Intravenous injection of this agent failed to elicit vasoconstriction via ganglionic stimulation in the perfused hindquarters of animals treated with the antiserum. However, the effect of DMPP on systemic blood pressure was unchanged. Acute adrenalectomy abolished the systemic effect of DMPP in the treated but not the control animals, suggesting that the increase in blood pressure seen in the treated group was primarily the result of adrenal discharge of catecholamines. These data confirm the histological observations that the adrenal medulla is unaffected by treatment with the nerve growth factor antiserum.
Alterations in vascular reactivity typical of those seen following surgical sympathectomy were noted in these experiments. Denervation supersensitivity of vascular smooth muscle to the catecholamines has been reported previously. 17 The responses resulting from the intra-arterial injection of norepinephrine were significantly greater than control whereas the slight increase in sensitivity to epinephrine was not significantly different. This alteration in reactivity was apparently specific for the catecholamines in that no change in responsiveness to either angiotensin or barium chloride was noted. Brody and Dixon 18 have previously noted similar specificity following "pharmacological denervation" with reserpine. A pronounced decrease was observed in the ability of the hindquarter tissues to terminate the pressor action of epinephrine and norepinephrine, whereas the durations of the angiotensin and barium responses were unchanged. This finding suggests that the mechanisms responsible for the termination of the action of the catecholamines are impaired in the absence of a functional sympathetic nervous system. This hypothesis is supported by observations made in this laboratory on the perfused hindquarters of the newborn dog. Although the sympathetic nerves of the newborn dog are well developed anatomically, they fail to exhibit adrenergic function and the pressor effects of the catecholamines are significantly prolonged. 19 The resistance to flow in the perfused vessels of the immunologically sympathectomized animals was significantly increased over control. A possible explanation for this observation may be that the denervated vessels, which were shown in this study to exhibit increased sensitivity to catecholamines, derive increased tone from circulating catecholamines originating from intact adrenal medullas. This hypothesis is presently under investigation.
It may be concluded from the results presented here that treatment of newborn rats with the antiserum developed to the sympathetic nerve growth factor effectively abolishes function of the sympathetic nerve fibers. The distinct advantages afforded by this technique for producing sympathectomy need not be discussed in detail. It should suffice to state that immunological sympathectomy provides an elegant tool for further studies on sympathetic control of the cardiovascular system.
Summary
Sympathetic function and cardiovascular responses were measured in rats treated at birth with an antiserum developed to the sympa-CircBhoion Ruttrcb, Vol. XV, Amgrnsi 1964 IMMUNOLOGICAL SYMPATHECTOMY 167 thetic nerve growth factor. The intact animals exhibited ptosis, miosis, and decreased excretion of norepinephrine in the urine. Electrical stimulation of the sympathetic innervation to the vessels of the perfused hindquarters failed to produce vasoconstriction or vasodilatation in any of the treated rats over a wide range of stimulus parameters. Alterations in vascular reactivity characteristic of sympathetic denervation were noted; responsiveness was increased to norepinephrine but not to other constrictor agents. Chemical stimulation of the sympathetic ganglia with l,l-dimethyl-4-phenyl-piperazinium iodide (DMPP) did not activate the postganglionic fibers but did promote the release of catecholamines from the adrenal medulla. The treated rats showed elevated resistance to flow in the hindquarters. The results of this investigation thus demonstrate that treatment with the antinerve growth factor effectively abolishes vasomotor function of the fibers of the sympathetic nervous system.
